The Herschel Astrophysical Terahertz Large Area Survey (H-ATLAS) is a survey of 660 deg 2 with the PACS and SPIRE cameras in five photometric bands: 100, 160, 250, 350 and 500 µm. This is the second of three papers describing the data release for the large fields at the south and north Galactic poles (NGP and SGP). In this paper we describe the catalogues of far-infrared and submillimetre sources for the NGP and SGP, which cover 177.1 deg 2 and 303.4 deg 2 , respectively. The catalogues contain 118,908 sources for the NGP field and 193,527 sources for the SGP field detected at more than 4σ significance in any of the 250, 350 or 500 µm bands. The source detection is based on the 250 µm map, and we present photometry in all five bands for each source, including aperture photometry for sources known to be extended. The rms positional accuracy for the faintest sources is about 2.4 arc seconds in both right ascension and declination. We present a statistical analysis of the catalogues and discuss the practical issues -completeness, reliability, flux boosting, accuracy of positions, accuracy of flux measurements -necessary to use the catalogues for astronomical projects.
INTRODUCTION
This is the second of three papers describing the second major data release of the Herschel Astrophysical Terahertz Large Area Survey (the Herschel ATLAS or H-ATLAS), the largest single key project carried out in nearby (z < 0.4) universe (Dunne et al. 2011 , Eales et al. 2018 , in practice the exceptional sensitivity of Herschel, aided by the large negative k-correction at submillimetre wavelengths (Franceschini et al. 1991) , has meant that the median redshift of the sources detected in the survey is approximately 1 (Pearson et al. 2013) , and our source catalogues include sources up to a redshift of at least 6 (Fudamoto et al. 2017; Zavala et al. 2017) .
The five H-ATLAS fields were selected to be areas with relatively little emission from dust in the Milky Way, as judged from the IRAS 100 µm images (Neugebauer 1984) , and with a large amount of data in other wavebands. In 2010 for the Science Demonstration Phase (SDP) of Herschel, we provided the data products for one 16 deg 2 field in the GAMA 9-hour field (Ibar et al. 2010; Pascale et al. 2011; Rigby et al. 2011; Smith et al. 2011) . In our first large data release (DR1), we released the data products for three fields on the celestial equator centred at R.A. approximately 9, 12 and 15 hours (Valiante et al. 2016, hereafter V16; Bourne et al. 2016) , covering a total area of 161 deg 2 . These data products included the Herschel images in all five bands, a catalogue of the 120,230 sources detected in these images and of the 44,835 optical counterparts to these sources.
Our second data release is for the two larger fields at the north and south Galactic poles (NGP and SGP). The NGP field is centred approximately at a right ascension of 13 h 18 m and a declination of +29 • 13 (J2000) and has an area of 180.1 deg 2 . The NGP field is a roughly square region ( Fig. 1 ) and, among many other interesting known extra-galactic objects, includes the Coma Cluster. The SGP field is centred approximately at a right ascension of 0 h 6 m and a declination of −32 • 44 (J2000) and has an area of 317.6 deg 2 . The SGP field is elongated in right ascension (Fig. 2) . Smith et al. (2017, hereafter S17) provide a comprehensive list of the multiwavelength data that exist for these fields.
Our data release for these fields is described in three papers. In the first paper (S17), we present the images of these fields, including a description of how these images can be used by the astronomical community for a variety of scientific projects. In this paper, we describe the production and properties of the catalogues of far-infrared and submillimetre sources detected in these images. A third paper (Furlanetto et al. 2017 , hereafter F17) describes a search for the optical/near-infrared counterparts to the Herschel sources in the NGP field and the resulting multi-wavelength catalogue. The catalogues described in this paper can be obtained from the H-ATLAS website (http://www.h-atlas.org). The arrangement of this paper is as follows. Section 2 describes the maps and masks used to define the catalogues. Section 3 describes the detection of the sources. Section 4 describes the photometry of the sources. Section 5 describes the catalogues and their properties. Finally Section 6 gives a summary of the paper.
MAPS, COVERAGE AND MASKS
A detailed description of the processing necessary to produce maps from the Herschel raw data is presented in S17. The resulting maps have pixel sizes 3, 4, 6, 8 and 12 arcsec for 100, 160, 250, 350 and 500 µm, respectively. We chose these to optimally sample the PSF in each band, given that the FWHM of the PSF is 11. 4, 13.7, 17.8, 24 and 35 .2 arcsec at 100, 160, 250, 350 and 500 µm respectively. Note that these are different to the canonical pixel sizes used for maps in the Herschel Science Archive, which use 3.2, 3.2 6, 10 and 14 arcsec respectively. The maps made with the PACS camera (100 and 160 µm, Poglitsch et al. 2010 ) have units of Jy per pixel. The maps made with the SPIRE camera (250, 350 and 500 µm, Griffin et al. 2010 ) have units of Jy per beam. The beam areas at 250, 350 and 500 µm are 469, 831 and 1804 square arcsec, respectively (Valtchanov 2017) . The noise on the images is a combination of instrumental noise and the confusion noise from sources that are too faint to be detected individually. S17 describes a detailed analysis of the noise properties of the images. The map shows the number of samples from the bolometer timelines contributing to each map pixel, which ranges from 1 to 36, with the median value being 9. The range of the grayscale is from 0 samples (white) to 21 samples (black). The boundary of the mapping data is set by the coverage of the scan lines of the instrument, and so is very ragged, as shown in Fig. 3(a) . We define a simple mask to set a clear boundary for the data used in the catalogues; this is mostly restricted to the areas with more than one Herschel observation, but does include some areas with only one scan, as can be see in Fig. 3(b) . The mask reduces the area covered by the catalogues to 177.1 deg 2 and 303.4 deg 2 for the NGP and SGP, respectively. The area covered by the NGP and SGP fields is listed as a function of the number of observations (N scan ) in Table 1 . Within regions where the number of scans is constant, the mean noise is constant, but the noise varies significantly from pixel to pixel, as can be seen in Fig. 3(c) . This is because the number of detector passes that contribute to a pixel depends on the pixel position relative to the detectors across the scan direction, and also the position relative to the time samples along the scan direction.
The SPIRE and PACS photometers are offset by 21 arcmin, which creates regions around the borders of the survey that are covered by only one of the two photometers. As in previous data releases we restrict our catalogues to the area covered by the 250 µm maps, so there are some sources that do not have coverage in the PACS 100 and 160 µm bands.
SOURCE DETECTION

Background subtraction
Before attempting to detect sources in the maps, we first subtracted a smoothly varying "sky" level to remove the foreground emission from dust in our galaxy, so-called "cirrus emission", and also the emission from clustered extra-galactic sources fainter than our detection limit. We used the nebuliser function, a programme produced by the Cambridge Astronomy Survey Unit to estimate and subtract the sky level on astronomical images2. The algorithm first applies a 2-D moving box-car median filter to estimate the local sky level for each pixel, and then applies a 2-D moving box-car mean filter to slightly smooth the resulting sky map.
The choice of the filter scale used in nebuliser is quite critical, since it must be small enough for nebuliser to remove small-scale patches of cirrus emission but not so small that the flux from large galaxies is reduced. In practice, for the SPIRE maps we found that a median filter scale of 30 pixels (3 arcmin in the 250 µm band) followed by a linear filter scale of 15 pixels was an acceptable combination.
We tested whether this filtering scale reduced the flux density of extended extra-galactic sources by creating simulated maps, placing artificial extended sources on these maps, and then measuring the flux densities of these sources after the application of nebuliser. Since the nearby extended galaxies detected by Herschel are mostly spiral galaxies, we used truncated exponential profiles for the artificial sources, and convolved these with the SPIRE point-spread function. Previous surveys have found that the observed extent of FIR emission is quite similar to the optical (Hunt et al. 2015 , Smith et al. 2012 , and the widely used D25 optical diameters for galaxies are roughly equivalent to a distance of five scale lengths from the centre of a galaxy, so we truncated the profiles of our artificial submillimetre sources at five scale lengths. At this radius the profile contains 96% of a non-truncated exponential; extending to six scale lengths would increase this to 98%, only a 2% change, so the exact truncation radius is not critical. The resulting diameters ranged from 24 to 192 arcsec. Since the diameters are much larger than the PSF in all of the SPIRE bands, the results will be similar for all bands. The simulations showed that significant flux is lost only for sources that have diameters larger than 3 arcmin, and even for sources above this size, the flux loss is ∼ < 10%. Note there are only 12 galaxies with diameter larger than 3 arc minutes in the survey: three in the NGP and nine in the SGP. We have made no attempt to correct for any filtering-related flux losses for these galaxies, and recommend users make their own measurements based on the non-filtered maps if more precise extended photometry is required.
We note that the application of nebuliser will change the clustering statistics of extra-galactic sources. Apart from the foreground cirrus emission, nebuliser removes the background produced by the sources that are too faint to be detected individually. This background varies because of the clustering of these faint sources. A source catalogue made without any background subtraction will include more sources where this background is high as a result of clusters of these faint sources, and so the clustering of the sources in such a catalogue will be stronger than in a catalogue produced from an image in which this background emission has been removed. An investigation of the clustering in the H-ATLAS catalogues, which includes an analysis of the effect of the subtraction of this background, will be presented by Amvrosiadis et al. (in preparation) .
For the PACS maps, the 1/ f -noise from the instrument is much larger than for SPIRE, making the foreground cirrus emission and the background emission from faint galaxies difficult to detect. Since we could not clearly detect the foreground/background emission on smaller scales, we used a nebuliser scale of 5 arcminutes.
The raw maps from the SPIRE pipeline have a mean of zero, but the output maps from nebuliser have a modal pixel value that is zero. For the SPIRE bands, the instrumental noise is low enough that the flux distribution of detected sources skews the pixel distribution to positive values so the mean is slightly positive (1.0, 1.0 and 0.6 mJy/beam at 250, 350 and 500 µm). The PACS detector is less sensitive and less stable than SPIRE, and so the instrumental noise dominates over the confusion noise and the pixel distribution is close to Gaussian; the mean of the nebulised PACS maps are very close to zero (0.016 MJy sr −1 , for both the 100 and 160 µm maps).
Source Detection
In this section we describe the method used to find the sources on the images. Additional details are given in V16. Sources were detected using the MADX algorithm (Maddox et al in prep) applied to the SPIRE maps. MADX creates maps of the signal-to-noise ratio and identifies sources by finding peaks in the signal to noise. The detection and measurement of fluxes is optimised by using a matched filter that is applied to both the signal map and the noise map.
The SPIRE instrumental noise maps are created from the number of detector passes and the estimated instrumental noise per pass, σ inst / N sample , as described in S17 and V16.
Since the noise consists of both instrumental noise and confusion noise from the background of undetected sources, we follow the approach of Chapin et al (2011) to calculate the optimal matched filter in each of the three SPIRE bands. Details of the estimation and form of the matched filter are discussed in V16. The resulting matched filters are slightly more compact than the corresponding PSFs, and have slightly negative regions outside the FWHM.
In the first step of the source detection, peak pixels which have values > 2.5σ in the filtered 250-µm map are considered as potential sources. We use the 250-µm map since most sources have the highest signal-to-noise in this map. The source position is determined by fitting a Gaussian to the flux densities in the pixels surrounding the pixel containing the peak emission. As an initial estimate of the flux density of the source in each SPIRE band, MADX takes the flux density in the pixel closest to the 250-µm position.
The high source density on the SPIRE maps means that these flux estimates often contain contributions from neighbouring sources. To mitigate this effect, MADX uses the following procedure. In each band, MADX sorts the sources in order of decreasing flux density. The flux density of the brightest source is then more precisely estimated using the value of the filtered map interpolated to the exact (sub-pixel) position from the 250-µm map. Using this flux estimate, a point-source profile is then subtracted from the map at this position. Since the bright source is now removed from the map, any fainter sources nearby should have fluxes that are not contaminated by the brighter source. The program then moves to the next brightest source and follows the same set of steps.
The point-source subtraction continues for all sources in sequence, ordered on the initial flux density estimates. It stops when the PSF for the faintest source is subtracted. The faintest source considered is 2.5σ, based on the initial flux and noise estimates.
If two sources with comparable flux are close to each other, then the algorithm will lead to slightly biased fluxes: the peak of the first source will include some flux from the wings of the second, and be overestimated; the psf-subtracted peak of the second source will have too much subtracted, and so the flux will be slightly underestimated. The size of these errors is a steep function of the separation of two sources. For a roughly Gaussian PSF, and two equal sources separated by twice the FWHM, the first source will have a flux over-estimated by a factor 1.06 and the second underestimated by 0.997. If they are separated by the FWHM, then the first source is overestimated by a factor 1.5, and the second is underestimated by a factor 0.75. At such a small separation, the images are strongly blended, and so a more sophisticated de-blending algorithm would be required to improve the flux estimates. For our maps the instrumental noise is comparable to the confusion noise, and so there is only a small potential gain from reducing this source of confusion noise. The error analysis presented in V16 is based on simulated catalogues that use the deblending as described above, and so the quoted errors include the average de-blending errors.
One consequence of these steps is that some sources will have final 250-µm flux densities less than the original 2.5σ cut. Also, most sources are brighter at 250µm than at the two longer wavelengths, so the estimates of the flux densities in the 350-µm and 500-µm bands are typically significantly lower in signal to noise, and can be negative. Note that a negative flux measurement is perfectly reasonable so long as the associated error is comparable.
The released catalogue contains only sources detected at more than 4σ significance in any of the bands. At 4σ, we feel confident that every catalogue entry corresponds to a real astrophysical source. We present flux measurements for all of the bands for these sources, even if the measurements are negative. We retain these negative measurements so that the distribution of fluxes in the catalogues is consistent with the errors, and not truncated at an arbitrary limit; we do not report 'upper limits'. V16 carried out extensive simulations to determine the errors on flux density estimates for point sources in the GAMA fields. The data for the NGP and SGP fields were taken in the same mode with the same observing strategy as the data for the GAMA fields presented by V16. This means that the statistical properties of the data are essentially identical to the V16 maps, and so we can directly apply the V16 results to our current data. The only potential difference is that the current maps have some areas where the total coverage has more than . The distribution of instrumental and total noise for the 250-µm, 350-µm and 500-µm bands for the NGP and SGP fields. Green shows the instrumental noise and black the total noise for all pixels; red shows the instrumental noise and blue the total noise at the positions of all sources. The multiple peaks are the results of our tiling strategy. The main peak corresponds to the large fraction of the survey area that was covered by two individual Herschel observations (S17). The smaller peaks correspond to the small fraction of the survey area that was either covered by more than two observations or, in the case of one end of the SGP (S17), a single observation (the small peak at the right in the bottom panels.
four observations, which was the maximum coverage in V16. As shown in Table 1 , the area with N scan > 4 corresponds to less than 0.5% of the total, and so makes a negligible difference to the overall statistics of the catalogue. V16 followed the simple procedure of injecting artificial sources of known flux density into the real maps and then using MADX to estimate their flux densities (Section 2.2). They found that at 250 µm, the detection wavelength, the confusion noise varies as a function of source flux density and gave a simple formula to approximate this:
They found that at 350 µm and 500 µm the confusion noise is roughly constant, with σ con350 = 0.00659 Jy and σ con500 = 0.00662 Jy.
We combine the instrumental and confusion noise to estimate the flux uncertainty for each individual source: we used these formulae to estimate the confusion noise at the flux level of the source; we used the maps of the instrumental noise (Section 2.2) to estimate the instrumental noise at the position of the source; and then added the confusion and instrumental noise in quadrature to give the total flux uncertainty for the source. Our strategy of creating the H-ATLAS survey from overlapping tiles (S17) means that the instrumental noise varies systematically between different areas of the maps. Fig. 4 shows histograms of instrumental noise and total noise (instrumental noise plus confusion noise) for all pixels and at the positions of all sources. The multiple peaks are the results of our tiling strategy. The main peak corresponds to the large fraction of the survey area that was covered by two individual Herschel observations (S17). The smaller peaks at lower noise correspond to the smaller fraction of the survey area that was covered by more than two observations. The small peak at higher noise in the SGP field corresponds to the area at the western end that was covered by a single observation (S17). The relationship between area and 4σ fluxdensity limit for the H-ATLAS fields: NGP -black; SGPblue; GAMA9 -magenta; GAMA12 -green and GAMA15 -cyan. The more sensitive areas correspond to the tile overlaps in each field. The westerly end of SGP has only a single SPIRE observation, which explains the kink at high flux densities in the blue line in these panels.
The variation of noise across the maps means that the 4σ flux-density limit varies over the fields, and hence the available area depends on the chosen flux density limit. Fig. 5 shows the relationship between area and flux-density limit for each of the H-ATLAS fields, including the GAMA fields.
PACS
As in V16, we used aperture photometry to estimate the flux densities in the two PACS bands. We did this for two reasons. First, the PACS PSF for our observing mode (fast-parallel scan mode) is not well determined near its peak (see V16 and S17 for extensive discussions). Second, if we estimated the 100-and 160-µm flux densities at the 250-µm position, as we did for the 350-and 500-µm bands, we would be likely to significantly underestimate the flux density because of the higher resolution of the PACS maps.
V16 describes an extensive investigation of the optimum aperture size, and we follow that paper in using an aperture with a radius equal to the FWHM, which is 11.4 arcsec for 100 µm and 13.7 arcsec for 160 µm. Although the "sky" level has already been subtracted with nebuliser, we subtracted the mean value from each image before carrying out the photometry, to ensure that the statistical properties of the sources in the catalogues are not affected by any residual errors in the sky subtraction. To provide an accurate treatment of the contribution from fractional pixels near aperture boundaries, we divided each pixel into 16, and assigned one sixteenth of the flux density in each sub-pixel, corresponding to a nearest-pixel interpolation. Then the flux density from each sub-pixel that lies within the aperture is added together to produce the total aperture flux. We also tried bilinear, and bicubic interpolation methods and found negligible differences in the resulting aperture fluxes. Since only 10% of the SPIRE sources were clearly detected on the PACS images, we centred the aperture on the 250-µm position.
We corrected the aperture flux densities to total flux densities using the table of the encircled energy fraction (EEF) described in V16 and available at http://www. h-atlas.org/. We made a further correction to allow for the effect of the errors on the 250-µm positions, since any error in the position will lead to the small PACS apertures missing flux. V16 describes simulations of this effect, and we follow that paper in compensating for this effect by multiplying the flux densities by 1.1 and 1.05 at 100 and 160 µm, respectively.
We describe how we estimated the errors on these flux estimates in the following subsection.
Extended sources
The approach in Section 3.1 gives optimal flux density estimates for point sources, but will substantially underestimate the flux density of extended sources. As in V16, we used the r−band sizes of optical counterparts to the Herschel sources to indicate which sources are likely to require aperture photometry rather than the methods described in the last section. We followed different methods for the NGP and the SGP because of the lack of a comprehensive identification analysis for the SGP. We estimate aperture photometry for extended sources in both PACS and SPIRE bands.
The NGP
In the NGP, F17 carried out a search for optical counterparts to the Herschel sources on the r-band images of the Sloan Digital Sky Survey (SDSS) which was almost exactly the same as that carried out by Bourne et al. (2016) for the H-ATLAS GAMA fields. Our initial list of NGP sources that might require aperture photometry were the sources with optical identifications with reliability R > 0.8 from F17.
In our previous data release (V16) we calculated the sizes of our apertures from the SDSS parameter isoA r, which was available in SDSS DR7. However, this parameter was not available in SDSS DR10, on which F17 based their analysis. After an investigation of the various size measurements available in DR10, we found that the parameter petroR90 r, the 90% Petrosian radius, met our needs since there is a simple scaling between it and isoA r, with isoA r 1.156 petroR90 r. The scale-factor 1.156 is derived from a simple fit to isoA r as a function of petroR90 r.
We considered that for H-ATLAS sources with optical counterparts with petroR90 r less than 8.6 arcsec (equivalent to the value of isoA r of 10 arcsec used in V16), the source is still unlikely to be extended in the SPIRE bands, and for these H-ATLAS sources we preferred to adopt the flux densities in the SPIRE bands produced by MADX (Section 3.1.1). However, if the H-ATLAS source had an optical counterpart with petroR90 r greater than 8.6 arcsec, we measured aperture photometry for the SPIRE bands. We calculated the radius of the aperture using the same formula as V16 (with isoA r replaced by petroR90 r):
where FWHM is the full-width at half-maximum of the point-spread function for the passband being measured, and all radii are measured in arcsec. As discussed above (Section 3.1.2), we also use aperture photometry in the PACS bands for sources without reliable optical counterparts, using an aperture with a radius equal to the FWHM. After calculating the aperture using equation 2, we visually compared it with the 250-µm emission from the source, since in some case the aperture is not wellmatched to the 250-µm emission, either being too small, too large, with the wrong shape or including the flux from a neighbouring galaxy (see V16 for examples). In these cases, we chose a more appropriate aperture for the galaxy, which may involve changing the radius or changing to an elliptical aperture. We also visually inspected the 3000 sources with the brightest 250-µm flux densities from MADX in order to check whether there were any obvious additional extended sources. For these sources too, we chose appropriate apertures to include all of the emission. In total, for the NGP there are 77 of these "customised apertures". The semi-major, semi-minor axes and position angles of these customised apertures are given as part of the data release.
We centred the apertures on the optical positions, since these are more accurately determined than the Herschel positions. Although the "sky" level on both the PACS and SPIRE images has already been subtracted with nebuliser, we subtracted the mean value from each image before carrying out the photometry, in order to avoid residual errors in the sky subtraction affecting the statistical properties of the catalogues. As described in Section 3.1.2, we divided each pixel into 16, assigning one sixteenth of the flux density in each sub-pixel, and added up the flux density in each sub-pixel within the aperture. We corrected the PACS flux densities to total flux densities using the table EEF described in V16 and available at http://www.h-atlas.org/. We corrected all the SPIRE aperture flux densities for the fraction of the PSF outside the aperture using a table of corrections determined from the best estimate of the SPIRE PSF (Griffin et al. 2013 , Valtchanov 2017 , which is provided as part of the data release (see V16 for more details).
We calculated errors in the aperture flux densities from the results of the Monte Carlo simulation of S17. S17 placed apertures randomly on the SGP and NGP maps in areas that are made from two individual observations (N scan = 2), varying the aperture radii from approximately the beam size up to 100 arcsec in 2 arcsec intervals and using 3000 random positions for each aperture radius. They found that the error, σ ap in mJy, depends on the radius the aperture as a double powerlaw:
The constants A, B, α, and β are given in Table 3 of S17. We used this equation for the sources on parts of the images made from two observations. In parts of the images made from more than two observations the instrumental noise is less; for sources in these more sensitive parts of the images we used the extensions of equation 3 derived by S17; i.e. equation 4 in S17 for SPIRE and equation 6 in S17 for PACS. Note that this procedure for estimating uncertainties intrinsically includes confusion noise and any correlated errors in the map data.
Finally, we only used the aperture flux density if it is significantly larger than the point-source estimate, i.e.
In summary, of the 118,986 sources in the NGP, we measured aperture flux densities at 250 µm for 889 sources.
The SGP
For the SGP area no SDSS data exist and we have not carried out the comprehensive identification analysis that we performed for the other four fields. Instead, we have carried out a rudimentary identification analysis using the 2MASS survey (Skrutskie et al. 2006 ). We first found a 2MASS galaxy parameter that provides a useful estimate of the size of the galaxy. We found that the 2MASS parameter "super-coadd 3-σ isophotal semi-major axis", sup r 3sig, has a simple scaling with the isoA r: isoA r 1.96 sup r 3sig. The scale-factor 1.96 is derived from a simple fit to isoA r as a function of sup r 3sig.
We found all 2MASS galaxies in the SGP region with sup r 3sig > 5.1 arcsec, equivalent to isoA r = 10 arcsec. There are 6249 of these galaxies. We then found all H-ATLAS sources in the SGP within 5 arcsec of a 2MASS galaxy. There are 3444 of these sources. We used the surface-density of Herschel sources to estimate the probability of a Herschel source falling within 5 arcsec of a 2MASS galaxy by chance; we estimate that only 23 (0.7%) of these matches should not be physical associations of the H-ATLAS source and the 2MASS galaxy.
For these sources, we calculated the radius of the aperture to use for photometry using the relationship:
This is the same as equation 2, except for the change in the parameter used to estimate the size of the galaxy. In principle we could use sup r 3sig as our radius measure for the sources in the NGP, but SDSS is significantly deeper than 2MASS and so the measurements are likely to have smaller uncertainties.
As for the NGP, we then visually compared the apertures with the 250-µm emission from the source, modifying the aperture when necessary (see above). We also visually inspected the 5000 sources with the brightest 250-µm flux densities from MADX in order to check whether there were any obvious additional extended sources. For these sources, we also chose appropriate apertures to include all of the emission. In total, for the SGP there are 142 customised apertures, for which the details are given as part of the data release.
In the case of the SGP, we centred the apertures on the 250-µm positions rather than on the optical positions. Otherwise we followed exactly the same procedures to estimate the fluxes and errors as for the NGP, described in Section 3.2.1. In summary, of the 118,986 sources in the SGP, we measured aperture flux densities at 250 µm for 1452 sources. 
Comparison to Planck photometry
Estimating the flux density of extended sources is sensitive to the background subtraction and choice of aperture size, so it is useful to compare our extended source fluxes to other measurements available. In particular for the 350 µm and 500 µm bands, we have compared to the compact source catalogue from the Planck3 survey (Planck Collaboration XXVI, 2016). Given the lowsurface density of sources, a simple positional match is sufficient to cross-identify sources in common. We find 32 matches in the NGP, and 42 in the SGP as listed in Table 2 and plotted in Fig. 6 . Most sources, 49/74, are large enough that we had visually inspected them and assigned custom apertures (see §3.2.1 and §3.2.2), 21 are extended and have automatically assigned apertures, and 4 are point sources. We have adopted the Planck APERFLUX photometry as recommended by Planck Collaboration XXVI (2016) for these wavelengths. The Planck 545 GHz (550 µm) flux densities, and their errors, have been scaled up by a factor of 1.35 to convert them to 500 µm.
As seen in Fig. 6 , there is a very good correspondence between the measurements with no significant systematic offsets or non-linearity. The Planck fluxes do appear to be slightly higher than the HATLAS fluxes at less than 1Jy, but summing over all sources, the offset is less than the 2-sigma significance level. It is likely that this is a result of flux boosting in the Planck catalogue:
if the Planck fluxes were each shifted lower by half of their quoted uncertainty, there would be no offset. After shifting to remove the offset, the scatter between the measurements is consistent with the quoted uncertainties, with χ 2 = 71 and 72 degrees of freedom.
The Planck Collaboration XXVI (2016) quote 90% completeness limits of 791 mJy and 555 mJy for the 350-and 550-µm catalogues respectively. The comparison with the HATLAS catalogue suggests 90% completeness down to F350BEST=650 mJy. For the Planck 550-µm catalogue, the quoted 90% completeness limit of 555 mJy, corresponds to 749 mJy at 500 µm; the comparison with the HATLAS catalogue suggests 90% completeness down to F500BEST=400 mJy. Despite the relatively small number of sources, our comparison suggests that quoted Planck limits are quite conservative.
Colour corrections and flux calibration
The large wavelength range within each of the SPIRE pass bands means that both the size of the PSF and the power detected by SPIRE depend on the spectral energy distribution of the source. The SPIRE data-reduction pipeline and ultimately our flux densities are based on the assumption that the flux density of a source varies with frequency as ν −1 . If the user knows the SED of a source, the flux densities should be corrected using corrections from either table 5.7 or 5.8 from the SPIRE handbook4 (Valtchanov 2017) . It is important to apply these corrections, since they can be quite large: for a point source with a typical dust spectrum (T = 20K, β = 2) the multiplicative correction is 0.96, 0.94 and 0.90 at 250, 350 and 500 µm, respectively. The catalogue fluxes have had no colour correction applied. As with SPIRE, the PACS flux densities are also based on the assumption that flux density of the source is proportional to ν −1 , and a correction is required for sources which follow a different SED. The required corrections are described in the PACS Colour-Correction document5.
On top of all other errors, there is an additional error due to the uncertain photometric calibration of Herschel. As in V16, we assume conservative calibration errors of 5.5% for the three SPIRE wavebands and 7% for PACS (see V16 for more details).
THE CATALOGUES
We included all sources in the catalogues that were detected above 4σ in one or more of the three SPIRE bands: 250, 350 and 500 µm. We eliminated all sources from the original list of point sources produced by MADX if they fell within the aperture of an extended source. The parameters available for each source are listed in Table 3 . If a source is included in the 4σ catalogue, flux measurements are presented for all bands, with no censorship at low signal to noise. This means that some flux measurements are negative; these are not flagged in any way, but simply listed with the corresponding uncertainty.
Since the PACS instrument is not exactly aligned with the SPIRE instrument, there are some sources in the catalogue that have no PACS coverage; the PACS fluxes for these sources are flagged as −1. (No real sources have measurement < −0.3Jy, so there is no possibility of confusion between the flagged sources and negative flux measurements).
All of the H-ATLAS fields were observed at least twice, making it possible to search for moving sources such as asteroids. We found nine asteroids in the GAMA fields (V16), eliminating these from the final catalogue. We carried out the same search for the NGP and SGP but found no moving objects. Both the NGP and SGP fields are at much higher ecliptic latitude than the GAMA fields, so it is perhaps not surprising that we find no more solar-system objects.
The sources in the final catalogues are almost all extragalactic sources. We carried out a search for clusters of sources in all the H-ATLAS fields (Eales et al. in preparation) . In the GAMA9 field, we found several groups of sources that are likely to be clusters of pre-stellar cores, implying that the catalogue for this field is likely to contain a few tens of Galactic sources. However, we found no similar clusters in the other fields, which makes sense, since the GAMA9 field is at a much lower Galactic latitude than the other fields. Pre-stellar cores are therefore likely to be a very minor contaminant to the catalogues for these fields. There are a few debris disks and AGB stars in the catalogues, and an incomplete list is given in Table 4 . However, well over 99% of the sources are extragalactic. The extra-galactic sources range from galaxies at redshift 6 (Fudamoto et al. 2017 ) to nearby galaxies, such as the spectacular spiral galaxy, NGC 7793, which is in the centre of the SGP, and one of the brightest galaxies in the nearby Sculptor group.
Statistics of the catalogues
The catalogue for the NGP covers 177.1 deg 2 and contains 118,980 sources, of which 112,069 were detected at > 4σ at 250 µm, 46,876 at > 4σ at 350 µm and 10,368 at > 4σ at 500 µm. The effective sensitivity of the PACS images was much less, but the catalogues contain fluxdensity measurements at 100 µm and 160 µm for all the sources in the catalogue, even if the measurements were negative. 5,036 sources were detected at > 3σ at 100 µm and 7,046 sources were detected at > 3σ at 160 µm.
The catalogue for the SGP covers 303.4 deg 2 and contains 193,527 sources, of which 182,282 were detected at > 4σ at 250 µm, 74,069 at > 4σ at 350 µm and 16,084 at > 4σ at 500 µm. 8,598 sources were detected at > 3σ at 100 µm and 11,894 sources were detected at > 3σ at 160 µm.
The cumulative number of sources as a function of signal-to-noise in the five bands is shown in Fig. 7 . The 250-µm band is the most sensitive, and so has the largest number of detected sources. Of the PACS bands, the 160-µm band detects more sources above 3-σ.
The observed number of sources as function of flux density in the PACS and SPIRE bands is shown in Fig. 8 . Note that this shows the observed flux in the catalogue, before any corrections are made for source SED (Section 3.3) or "flux boosting" (Section 4.3), which are necessary before the flux densities are compared with model predictions.
Positional Accuracy
V16 carried out extensive simulations to investigate the accuracy of the H-ATLAS catalogues by injecting artificial sources on to the GAMA images, and then using MADX to detect the sources and measure their flux densities and positions. The results of these "in-out" simulations apply to the NGP and SGP catalogues, which were produced using almost exactly the same methods.
We investigated the accuracy of the source positions in two ways: (1) by looking at the positional offsets between the Herschel sources and galaxies found on optical images; (2) from the in-out simulations. Bourne et al. (2016) and F17 describe the details of the first method, which takes account of the clustering of the galaxies in the optical catalogue and the PSF of the Herschel observations. Note that astrometric offsets were first calculated using catalogues from individual Herschel observations. The astrometry for each observation was updated before creating the final maps (S17). In the case of the NGP, we applied this method using the galaxies found in the SDSS r-band images (F17), which thus ultimately ties the Herschel positions to the SDSS astrometric frame. In the case of the SGP, we used the galaxies found in the VLT Survey Telescope ATLAS (Shanks et al. 2015) , which thus ultimately ties the astrometry in the SGP to the astrometric frame of this survey. We find that the positional error, σ pos , varies from 1.2 to 2.4 arcsec as the signal-to-noise in flux varies from 10 to 5, with a relationship between positional ac- AP RMIN Semi-minor axis of aperture in arcsecs. Set only for custom apertures. The value −99 flags that either an automatically calculated circular aperture has been used, or no aperture has been used. AP PA Position angle of major axis of aperture in degrees anti-clockwise from west. Set only for custom apertures. The value −99 flags that either an automatically calculated circular aperture has been used, or no aperture has been used curacy and flux density given by σ pos = 2.4(SNR/5) −0.84 . This agrees well with the errors in the measured positions of the artificial sources in the in-out simulations (V16). Note that the uncertainty on the optical positions is typically 0.1 arcseconds, and so is negligible compared to the Herschel uncertainties. The mean positional errors as a function of position within the NGP and SGP fields are shown in Fig. 9 . Though there are hints of systematic variations in different parts of the fields, these are around 1 arcsec, less than the quoted absolute pointing accuracy of Herschel of 2 arcsec (Pilbratt et al. 2010 ).
Purity, flux boosting and completeness
The catalogue is a 4-σ catalogue and so we can use Gaussian statistics to predict the number of sources that will actually be noise fluctuations; on this basis we expect 0.13% of the sources in the catalogue to be spurious. However, V16 argue that this is likely to be a slight overestimate because our errors, while being good estimates of the errors on the flux measurements, will underestimate the signal-to-noise of a detection. To explain in more detail, our estimate of the confusion noise for a source increases with increasing source flux, so the noise used to estimate the actual flux uncertainty is larger than the noise would be for a flux of zero, as would be appropriate to determine the significance of a detection. Thus a flux that is four times our quoted error may correspond to, say, a 4.1-σ detection. In this case our approximation of contamination from the 4-σ tail of a Gaussian should be the 4.1-σ tail. In practice the contamination is so small that the difference is not important and we have not quantified it. A major problem in submillimetre surveys, where source confusion is usually an issue, is flux bias or 'flux boosting', in which the measured flux densities are systematically too high. V16 used the in-out simulations to quantify this effect in the H-ATLAS. Table 6 in V16 gives estimates of the flux bias as a function of flux density for all three SPIRE bands. The table shows that at the 4σ detection flux density, the measured flux densities are on average higher than the true flux densities by 20%, 5% and 4% at 250 µm, 350 µm and 500 µm, respectively. Astronomers interested in comparing the flux densities in the catalogue with the predictions of models should be aware of this effect. Following V16, we make no corrections for this in our catalogue, but Table 6 in V16 can be used to correct the flux densities for this effect.
Note that the flux limit for a significant PACS detection is much brighter than the confusion limit, and so PACS fluxes are not affected by confusion noise. Also the 250-µm noise is so much lower than the PACS noise, that the 250-µm selection should not introduce any significant incompleteness in the PACS sample. The PACS sample should have completeness and purity as expected for the quoted Gaussian noise in the flux measurements.
V16 also used the in-out simulations to estimate the completeness of the survey as a function of measured flux density in all three SPIRE bands. This is shown in Fig. 21 of V16 and listed in Table 7 of V16. The completeness at 250 µm is 87% at the 4σ detection limit of the survey.
SUMMARY
We have described the construction of the source catalogues from the Herschel survey of fields around the north and south Galactic poles. This survey which was carried out in five photometric bands -100, 160, 250, 350 and 500 µm -was part of the Herschel Astrophysical Terahertz Large Area Survey (H-ATLAS), a survey of 660 deg 2 of the extra-galactic sky. Our source catalogues cover 303 deg 2 around the SGP and 177 deg 2 around the NGP.
The catalogues contain 118,980 sources for the NGP field and 193,527 sources for the SGP field detected at more than 4σ significance in any of the 250 µm, 350 µm or 500 µm bands. We present photometry in all five bands for each source, including aperture photometry for sources known to be extended. We discuss all the practical issues -completeness, reliability, flux boosting, accuracy of positions, accuracy of flux measurements -necessary to use the catalogues for astronomical projects. The Herschel-ATLAS is a project carried out using data from Herschel, which is an ESA space observatory with science instruments provided by Europeanled Principal Investigator consortia and with important participation from NASA.
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